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This study examines the effects of orthographic neighborhood size (N-size) in relationship with word
frequency on the reading aloud of children with and without dyslexia whose language has a consistent
orthography. Participants included 22 Italian fourth-grade children with dyslexia and 44 age-matched
typically developing readers. Children with dyslexia read low-frequency words with high N-size
faster than words that had no neighbors; by contrast, typically developing readers showed no N-size
effects, irrespective of word frequency. The facilitating effect of N-size on low-frequency word read-
ing in children with dyslexia indicates that they benefit from lexical activation spreading from dense
neighborhoods.
Although most information on the characteristics of the reading difficulty in developing read-
ers has been derived from studies on English (a language with a highly irregular orthography),
there is growing interest on the analysis of the reading disturbance in more regular orthographies,
such as German, Finnish, or Italian. According to the grain size theory (Ziegler & Goswami,
2005), children learning to read in irregular orthographies learn to flexibly switch from smaller to
larger units of analysis depending on processing demands, whereas children from more consis-
tent orthographies predominantly rely on smaller units of analysis. Indeed, there is evidence that
children with dyslexia of a transparent orthography predominantly rely on fine grained grapheme-
to-phoneme conversion processes (e.g., Bergmann & Wimmer, 2008; Spinelli et al., 2005), but
they also show recourse to lexical information in reading aloud known words, as in the case of
Correspondence should be sent to Chiara Valeria Marinelli, Department of Psychology, University of Rome La
Sapienza, via dei Marsi 78, Rome 00185, Italy. E-mail: chiaravaleria.marinelli@uniroma1.it
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2 MARINELLI ET AL.
high-frequency words (e.g., Angelelli, Marinelli, & Zoccolotti, 2010; Barca, Burani, Di Filippo,
& Zoccolotti, 2006).
Useful information on lexical activation in children with dyslexia derives from studies on
neighborhood size (N-size) effects. The orthographic neighbors of a word are defined as the
words that can be obtained by changing one letter and preserving the positions of the other let-
ters (Coltheart, Davelaar, Jonasson, & Besner, 1977). Orthographic neighborhood size may vary
considerably. For example, marsh has two neighbors (harsh and march), whereas cover has 13
neighbors (coven, covet, cower, hover, lover, mover, rover, etc.; Forster & Shen, 1996). Data
on adult skilled readers show that words with dense neighborhoods are read aloud faster than
words with sparse neighborhoods, especially in the case of low-frequency words (e.g., Andrews,
1989, 1992, and Sears, Hino, & Lupker, 1995, for English speakers; Peereman & Content, 1995,
for French speakers). In the Dual Route Cascade model of reading (Coltheart, Rastle, Perry,
Langdon, & Ziegler, 2001), these findings can be seen as the result of spreading activation in the
orthographic level of representation that leads to the activation of corresponding phonological
representations.
Less evidence is available on the role of N-size in typically developing readers. A facilitatory
effect of N-size has been found among 8- to 10-year-old English children (Laxon, Coltheart, &
Keating, 1988) but also among younger (first- and second-grade) skilled and age-matched poor
readers (Laxon, Gallagher, & Masterson, 2002). Laxon, Masterson, and Moran (1994) found that
N-size effects in English children interact with word frequency, with N-size influencing only
low-frequency words: For 7- to 9-year-old children it is easier to name low-frequency words with
many than with few neighbors. These studies were carried out with English children and, unlike
studies on adults, focussed on measures of reading accuracy.
There is some evidence that neighbors differently affect reading in languages with regular
and irregular orthographies. In a study using identical words (i.e., cognates) in German and
English adults (Ziegler, Perry, Jacobs, & Braun, 2001), a large body neighborhood (body-N,
i.e., words that share the same orthographic rhyme, such as street, meet, and feet) produced a
greater facilitating effect in reading for English than for German readers (suggesting larger-unit
processing in English). A complementary study on children showed that body-N affects reac-
tion times (RTs) in reading in both languages. However, similarly to adults, body-N effects were
larger in English than in German children (Ziegler, Perry, Ma-Wyatt, Ladner, & Schulte-Körne,
2003). Furthermore, English children showed a reduced length effect for words with many neigh-
bors, whereas this length by body-N interaction was quite small for German readers. Therefore,
German readers seem to rely more on small units of processing than English children, even if
large-unit information is available (see Goswami, Ziegler, Dalton, & Schneider, 2001, 2003).
Until now, only limited evidence has been reported on the effect of N-size on reading in chil-
dren with dyslexia. In the previously cited German–English cross-linguistic study (Ziegler et
al., 2003), children with dyslexia showed greater facilitating body-N effects than chronological
age-matched (but not reading age-matched) controls in both languages. By contrast, Spanish chil-
dren with dyslexia are influenced by orthographic N-size similarly to chronological age-matched
controls (Davies, Cuetos, & Glez-Seijas, 2007). Davies and collaborators (2007) found that chil-
dren’s reading of lists of words was influenced by frequency, N-size, and length, even though
the group interacted only with length (with a greater length effect for children with dyslexia) but
not with frequency or N-size. N-size also interacted with length with a greater length effect for
words with fewer neighbors, an effect independent of group. In a recent study, Marinus and de
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 3
Jong (2010) found that a high N-size had an inhibitory effect on accuracy and did not modu-
late latencies in reading high-frequency words in Dutch fourth graders, in either children with
dyslexia or age-matched and reading-matched controls. After controlling for the presence of a
high-frequency neighbor (i.e., the presence of a neighbor with a higher frequency than the tar-
get word), the inhibitory effect on accuracy disappeared; by contrast, the inhibitory effect due to
the presence of a high-frequency neighbor on naming latencies was significant for children with
dyslexia and beginning readers but not for typically developing readers. To explain this result the
authors hypothesized that the orthographic representations of children with dyslexia and begin-
ning readers “are not (yet) sufficiently specified,” indicating difficulty in building up orthographic
knowledge. By contrast, in skilled children the absence of an N-size effect for high-frequency
words would indicate that the orthographic representations of high-frequency words are activated
very quickly, before the neighborhood size effect becomes evident.
It is important to note that almost all the studies investigating the N-size effect in children
with dyslexia were carried out on consistent orthographies. The examination of the activation of
neighborhood size in the lexicon is particularly interesting in children with dyslexia of a trans-
parent orthography, due to the smaller reliance on lexical processing among these populations.
No attempt was made to study the neighborhood size effect in Italian. Note that Italian is a par-
ticularly suitable language to this aim because of its high regularity in print-to-sound translation.
Due to this consistency, almost all orthographic neighbors are also phonological neighbors; this is
different from English in which the proportion of words that are both orthographic and phonolog-
ical neighbors of monosyllabic words is much lower (.55 according to CELEX database; Mulatti,
Reynolds, & Besner, 2006).
The present study examined the effect of N-size on word reading in Italian children with
and without dyslexia. This aspect has been indirectly examined in a study of length effects in a
similar population (De Luca, Barca, Burani, & Zoccolotti, 2008). Reading latencies correlated
with length, word frequency, and N-size, indicating that shorter, more frequent words with more
neighbors were read faster than longer, less frequent words with fewer neighbors. Nevertheless, a
post hoc regression analysis showed that only length and word frequency were reliable predictors
of RTs and the significant correlation of N-size with RTs was due only to its high collinearity
with length.
In the present study, we focussed on N-size effects in relation to word frequency, keeping word
length fixed. In particular, we aimed to assess whether Italian children benefit from lexical acti-
vation of neighbors in reading aloud low-frequency words. Due to the difficulty in finding long
Italian words with several neighbors, we limited length variation by presenting only four- and
five-letter words. Italian words of this length were all disyllabic with stress on the first syllable.
Furthermore, we contrasted words with many neighbors with words without neighbors (NO-
neighbors), which, luckily, are present in a sufficient proportion in Italian. The NO-neighbor
words represent an ideal control condition because activation of neighbors’ representation is
expected to be nil. Although studies on English children have usually restricted their analysis
of neighborhood size effects to accuracy data, in the present study we also considered RTs, a
particularly sensitive measure in consistent orthographies (see Zoccolotti, De Luca, Di Filippo,
Judica, & Martelli, 2009, for a discussion of this aspect).
We hypothesized that the faster the access to lexical representation, the smaller the neigh-
borhood size effect would be. According to the Dual Route Cascaded model (Coltheart et al.,
2001), words with a high rate of gain of activation from resting level (such as high-frequency
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4 MARINELLI ET AL.
words) activate corresponding representations before any further activation from the neighbor-
hood can influence the start of the pronunciation. In contrast, in the case of low-frequency words,
orthographic neighbors can provide support to the slower nonlexical processing. Then, a larger
N-size effect is expected for low-frequency words compared to high-frequency words in both typ-
ically developing readers and children with dyslexia. The N-size effect on low-frequency words
is expected to be stronger in children with dyslexia, due to their difficulty in activating lexical
representations for low-frequency words.
METHOD
Participants
Participants were 22 children with dyslexia (13 male, 9 female; M age = 9.74 years, SD = 0.40
years) and 44 age-matched typically developing readers (26 male, 18 female; M age= 9.66 years,
SD = 0.40 years). The children with dyslexia were identified by our psychology unit through a
screening of reading skills (with the MT reading test, Cornoldi & Colpo, 1998; see paragraph
on Reading Assessment) in two schools in the southern and central Italy. Typically developing
readers were selected from the same classrooms as the children with dyslexia. All children were
in fourth grade at the time of testing; they came from a middle socioeducational background and
showed no evidence of sensory or neurological impairment. Only children with a score above
the 25th percentile on Raven’s Colored Progressive Matrices (Pruneti et al., 1996) were included
in the sample. Parents were informed about the screening activities and authorized their child’s
participation in the study.
To be included in the group of children with dyslexia, the children had to perform at least 2 SDs
below the mean of the normative sample for reading speed and/or accuracy on a standard reading
test (MT reading test; Cornoldi & Colpo, 1998). None of the children had received treatment for
their reading/spelling impairment.
The criterion for inclusion in the control group was a performance on the MT reading test
within normal limits (defined as within 1 SD above or below the mean of the normative data from
Cornoldi & Colpo, 1998) for reading speed and accuracy. Due to the very low amount of reading
errors of Italian typically developing readers (Tressoldi, 1996), we doubled the proportion of such
children to increase the reliability on the estimate of their reading accuracy. Typically developing
children were paired with children with dyslexia on the basis of gender (χ2 = 0.00, ns); age, t(64)
= –0.93, ns; and Raven performance, t(64) = 0.39, ns.
On the MT reading test (Cornoldi & Colpo, 1998), typically developing children made on
average few errors (3.74; SD = 1.71 corresponding to approximately 1.7% with respect to the
total number of words in the passage); this corresponds to a mean z score of 0.03 (SD = 0.43)
with regard to the normative values of children at the end of fourth grade. As for reading speed,
typically developing children read the text at a mean rate of 0.28 sec/syllable (SD= 0.44), which
corresponds to a mean z score of –0.13 (SD= 0.47), indicating normal performance. The reading
accuracy of children with dyslexia was worse than that of control readers, t(64) = –13.71, p <
.0001. They made an average of 18.84 errors (SD = 8.81), that is, approximately 8.5%; this
performance corresponds to a z score of –3.39 (SD = 1.52) with respect to the norms for the end
of fourth grade. Their average reading rate was 0.50 s/syllable (SD = 0.30), corresponding to
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 5
a mean z score of –2.41 (SD = 3.03); this reading speed was significantly slower than that of
typically developing children, t(64) = –5.48, p < .0001.
Reading Assessment
Reading ability was examined by means of a standard achievement test (MT Reading test;
Cornoldi & Colpo, 1998). Participants were asked to read a text aloud within a 4-min time limit.
Reading speed (time in sec per syllable) and accuracy (number of errors, adjusted for the amount
of text read) were considered. Stimulus materials and respective reference norms varied depend-
ing on grade; the text used here was that for children at the end of fourth grade (total number of
words = 222). Raw scores were converted to z scores based on the norms for children at the end
of fourth grade (Cornoldi & Colpo, 1998).
To further qualify their reading deficit, the children were given the Word and Non-word
Reading test (Zoccolotti, De Luca, Di Filippo, Judica, & Spinelli, 2005). Four lists of words
(varying for frequency and length) and two of nonwords (varying for length) were presented.
Thirty stimuli per list were given; number of errors and reading speed were scored. The children
had to read aloud stimuli as quickly and accurately as possible. Number of errors and reading
time (seconds per list) were recorded. These data are presented in Table 1 also in terms of z
scores based on reference norms for fourth-grade children (Zoccolotti et al., 2005). As shown in
the table, the reading accuracy of the children with dyslexia was deficient in all categories, as
indicated by mean z scores of at least –3. Their reading speed for words was also impaired (with
TABLE 1
Reading Errors and Reading Times in the Various Subtests of the Word and Nonword Reading Test
(Zoccolotti et al., 2005)
Errors Speed (s)
Children With
Dyslexia
Typically
Developing
Readers
Children With
Dyslexia
Typically
Developing
Readers
Stimuli M SD M SD F(1, 65) pa M SD M SD F(1, 65) p
Short HF words 4.29 2.6 0.70 1.1 68.64 <.0001 39.48 27.1 20.77 3.6 30.31 <.0001
(−4.14) (3.0) (−0.24) (1.2) (−2.58) (4.0) (0.09) (0.5)
Long HF words 5.33 3.6 1.30 1.6 61.93 <.0001 59.43 38.8 26.50 6.6 27.76 <.0001
(−9.79) (7.0) (−2.03) (3.0) (−2.69) (3.6) (0.26) (0.6)
Short LF words 7.00 4.7 2.05 2.0 60.63 <.0001 48.71 34.9 24.41 5.3 20.70 <.0001
(−3.12) (2.7) (−0.34) (1.1) (−1.70) (3.0) (0.37) (0.5)
Long LF words 12.24 4.9 4.34 2.8 46.38 <.0001 84.57 55.3 39.23 11.0 20.53 <.0001
(−6.12) (3.2) (−1.47) (1.6) (−1.80) (2.6) (0.27) (0.5)
Short nonwords 8.90 4.8 2.32 2.0 40.58 <.0001 52.81 37.1 30.52 6.4 15.21 <.0001
(−3.92) (2.9) (−0.20) (1.1) (−1.41) (2.8) (0.24) (0.5)
Long nonwords 16.62 5.4 8.77 3.8 36.28 <.0001 83.14 34.0 59.50 15.1 15.19 <.0001
(−3.16) (1.9) (−0.80) (1.1) (−0.58) (1.4) (0.29) (0.6)
Note. Values in parentheses are z scores based on normative data of fourth-grade children (Zoccolotti et al., 2005).
Negative values indicate lower performance. HF = high frequency; LF = low frequency.
aWith Bonferroni correction.
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6 MARINELLI ET AL.
mean z scores between –1.80 and –2.69 depending on the category), whereas that for reading
nonwords was less affected. In most categories, typically developing readers scored on average
near the expected mean for their age (i.e., with mean z scores near zero); however, they scored
below the expected values in terms of accuracy on long high- and low-frequency word subsets.
In all subsets of the Word and Non-word Reading Test, typically developing readers significantly
outperformed children with dyslexia.
Stimuli
Two levels of N-size were contrasted: many (more than five) neighbors versus zero neighbors
(NO-neighbors). To generate the experimental list of words, 40 university students (M age = 23
years; 20 female and 20 male) were asked to estimate the age of acquisition (AoA), imageability
and familiarity of 600 disyllabic nouns with either no or more than five neighbors on a 7-point
scale, following the procedure described by Barca, Burani, and Arduino (2002). All words sub-
mitted to rating were morphologically simple and stressed on the penultimate syllable (as most
Italian words; see Thornton, Iacobini, & Burani, 1997). Mean Kendall’s Tau coefficients were
used to assess interrater agreement. The coefficients were .51, .41, and .54 for AoA, imageability,
and familiarity, respectively. These figures are well above critical values for Kendall’s coefficient
of concordance with p < .01 (Sheskin, 1997, p. 709).
To eliminate obsolete or unfamiliar neighbors from the N-size computation, only those neigh-
bors with a high familiarity (at least 6.2 on a 7-point Likert rating scale) and recognized as words
by at least 90% of the participants (Baldi & Traficante, 2005) were included in the N-size count
for the present experiment.
By means of this procedure, a list of 64 disyllabic words was generated (M length = 4.75
letters, SD = 0.44), 32 with many neighbors (high N-size: M = 6.00 neighbors, range = 5–10)
and 32 with NO-neighbors. In each set, half of the words had high frequency (M = 302.28 out
of 1 million occurrences; range = 72–1,267) and half had low frequency (M = 11.06, range
= 0–25), according to the word frequency count for children (Marconi, Ott, Pesenti, Ratti, &
Tavella, 1993), and stimuli were paired 1:1 for initial phoneme, except for two words with initial
phonemes that were paired based on the same place of articulation (see Kessler, Treiman, &
Mullennix, 2002). The four sets of stimuli were also matched for the first syllable frequency
(F < 1), because in languages with regular grapheme–phoneme rules and well-defined syllable
boundaries, such as Italian or Spanish, there is evidence for the role of this variable on reading
aloud (Perea & Carreiras, 1998; Sulpizio & Job, 2010). Number of contextual rules (i.e., number
of letters, such as c and g, that can be correctly pronounced only on the basis of the following
letter; for more details see Barca, Ellis, & Burani, 2007) and ortho-syllabic complexity (number of
geminate or clusters of consonants) were matched across sets of stimuli (all Fs < 1). The words
in the two subsets with high N-size had a similar number of neighbors sharing the first (high
frequency = 2.6, low frequency = 3.2) and the last letter (high frequency = 0.7, low frequency
= 0.6) with the target word.
Furthermore, familiarity, imageability, and AoA were balanced across the two sets of words
with similar frequency but different N-size (all Fs < 1). Also, based on AoA values all words
were within the expected vocabulary competence of 10-year-old children. However, high- and
low-frequency words differed for familiarity and imageability, given the high collinearity among
these variables and frequency.
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 7
Similarly, it was impossible to match the sets differing for N-size for bigram frequency because
of the close association between the two variables (Frauenfelder, Baayen, Hellwig, & Schreuder,
1993). Accordingly, high-N-size words also had higher bigram frequency than NO-neighbor
words. The possible confounding influence of bigram frequency was controlled by covariance
analysis (see next). Another covariance analysis controlled for neighborhood frequency effects
(i.e., the presence of neighbors more frequent than the target), a characteristic that covaries with
N-size. In fact, the higher the N-size the more likely it is to find high-frequency neighbors,
particularly in the case of low-frequency targets.
The characteristics of the words are reported separately for each subset in Table 2; the overall
list of words is presented in the appendix.
Procedure
Stimuli presentation and data recording were performed using Super Lab 2.0.4. Each stimulus
was presented in the centre of a computer screen. Each letter subtended 0.4 cm horizontally
(which, at a distance of 57 cm, corresponds to 0.4 deg of visual angle) with Courier font, size
36. Each item was preceded by a fixation point (750 ms) and disappeared when the participant
responded. There was a 250-ms intertrial interval.
Stimuli were presented in two blocks with a brief pause (about 2 min) between them. Blocks
were comparable for mean N-size and word frequency. The order of presentation of the two
TABLE 2
Psycholinguistic Characteristics of the Words in Each Subset
HF High N-Size HF NO-Neighbor LF High N-Size LF NO-Neighbor
M SD M SD M SD M SD
Child word frequency 304.3 265.0 300.3 325.8 11.3 7.2 10.8 10.1
N-size 6.0 1.6 0.0 0.0 6.0 1.2 0.0 0.0
Imageability 6.1 0.9 5.9 1.0 5.5 0.7 5.3 0.9
Familiarity 6.9 0.1 6.9 0.1 6.7 0.2 6.7 0.2
Age of acquisition 2.3 0.7 2.5 0.9 3.5 0.4 3.9 0.9
Bigram frequency 9.7 0.5 9.3 0.8 9.8 0.3 9.0 0.7
Contextual rules 0.3 0.5 0.5 0.7 0.4 0.6 0.4 0.5
Geminate consonants 0.1 0.3 0.2 0.4 0.3 0.5 0.2 0.4
Clusters of consonants 0.6 0.5 0.4 0.5 0.4 0.5 0.6 0.5
Positional frequency of
the first syllable
9.9 1.3 8.6 1.6 9.1 1.8 8.2 2.3
Note. Child word frequency (calculated more than 1 million occurrences) was extracted from the written frequency
count for children by Marconi et al. (1993). N-size indicates the mean number of neighbors recognized as words by at
least 90% of adult participants according to Epos 2 (Baldi & Traficante, 2005). Values of imageability, familiarity and
age of acquisition indicate the mean ratings given by 40 university students on a 7-point scale, following the procedure
described by Barca et al. (2002). Bigram frequency was computed on the basis of word frequency count for children
(Marconi et al., 1993); values were transformed on the basis of the natural logarithm. As for contextual rules, geminate
consonants, and clusters of consonants, values indicate mean number per word. Positional frequency of the first syllable
indicates the number of times that syllable appears in that word position (Stella & Job, 2001). HF = high frequency;
N-size = neighborhood size; LF = low frequency.
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8 MARINELLI ET AL.
blocks was balanced across participants: Half of the participants read the first block and after
then the second one, whereas the other half of participants read the second block first followed
by the first one. No detectable differences in RTs and accuracy were found between the groups
that read the blocks in different orders (all Fs < 1).
For each participant, there was a different order of stimuli presentation within each block
obtained by means of automatic randomisation of words. A brief practice session (10 medium-
frequency words with similar psycholinguistic characteristics to the experimental stimuli)
preceded the experimental trials.
Participants were tested individually in a silent room. Children were seated comfortably with
their eyes at a distance of about 60 cm from the centre of a PC screen. They read aloud words pre-
sented in the centre of the PC screen as quickly and accurately as possible. The program recorded
the onset of the vocal response, and the experimenter manually recorded pronunciation errors.
RESULTS
When two groups vary for some general processing speed factor, larger group differences are
expected in more difficult conditions (and smaller ones in an easier condition) over and above the
specific effect of a given experimental manipulation; this is referred to as over-additivity effect
(Faust, Balota, Spieler, & Ferraro, 1999). Over-additivity may modulate the group by condition
interactions when the two compared groups differ in general ability (Faust et al., 1999), as is
the case for typically developing children and children with dyslexia. According to Faust et al.
(1999), this effect can be controlled using various data transformations, including a z-score trans-
formation. For each participant, z scores are obtained by taking the RTs in each trial, subtracting
their overall mean, and dividing them by the standard deviation across all items (therefore, each
individual has an average of 0 across conditions and SD = 1). This transformation rescales indi-
vidual performance to a common reference; hence, it allows controlling for global differences in
information processing (Faust et al., 1999) while preserving the information regarding individual
variability across experimental trials and conditions. Note that this transformation is appropri-
ate only to open-scale measures such as time, but not closed-scale measures such as accuracy.
Interactions that are significant in both the raw score and z-transformed score analyses indicate
the selective influence of a given parameter; in contrast, interactions that are significant only in
the raw data analyses, but not on those with the z-transformed values, indicate the presence of
spurious interactions (due to over-additivity effects; Faust et al., 1999).
Two different analyses were carried out on naming latencies by means of a linear mixed-
effects model in which participants and items were crossed independent random effects (Baayen,
Davidson, & Bates, 2008), and group (children with and without dyslexia), word frequency (high
and low), and N-size (high N-size and NO-neighbors) were fixed factors. In the first analysis,
log-transformed RTs were the dependent measure; according to Keene (1995), this data transfor-
mation is particularly suited for removing the intrinsic positive skew and non-normality of RT
distribution. In the second analysis, z-transformed scores were used as dependent measures.
To give an estimate of the effect size in mixed-effect models we reported the reduction of
between-subjects variance: this is calculated as the percentage reduction of between-subjects
variance explained (i.e., the effect is large to the extent to which it reduces the proportion of
error variance) by inserting the factors in the model (BVM) with respect to the between-subjects
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 9
of the empty model, where no independent variable is inserted (BVE): Red. Var. = ([BVE –
BVM]/BVE) × 100. To assess the reliability of the estimate of each effect, we applied the
Markov chain Monte Carlo (MCMC) method. This procedure allows to estimate 95% confi-
dence intervals known as Highest Posterior Density (HPD) interval of the true value of the beta
coefficients, and to get associated p values (pMCMC).
Accuracy in binary form (0 = incorrect reading; 1 = correct reading) was analyzed using a
generalized linear mixed-effects model fit by the Laplace approximation (see Wolfinger, 1993),
in which group, word frequency, and N-size were the predictors, whereas participants and items
were crossed independent random effects. Note that MCMC computation cannot be carried out
in this kind of analysis.
To control for the effect of bigram frequency, all analyses were carried out using the mean
log bigram frequency of each stimulus (computed on the basis of the word frequency count for
children; Marconi et al., 1993) as covariate, considering it in the model as a random effect in
interaction with items. Finally, to make sure that the contribution of neighborhood frequency
was controlled for we introduced in the analyses the presence of higher frequency neighbor (in
binary form: 0 = absence/1 = presence) and the frequency of the most frequent word in the
neighborhood as random effects in interaction with items.
Reaction Times
The RTs corresponding to errors were not included in the analyses. Self-corrections and hes-
itations were considered errors and the corresponding RTs were not included in the analyses.
False responses (invalid trials) and RTs smaller than 250 ms and larger than 6,000 ms were
excluded from the analyses; these were 3.0% in children with dyslexia and 1.7% in control
readers. The means of raw data (RTs and accuracy) are reported in Table 3 as a function of
group and experimental condition.
TABLE 3
Mean Reaction Times, Standard Deviations, and Percentages of Correct Scores for Each
Group in Each Experimental Condition
Children With Dyslexia Typically Developing Readers
Low frequency – NO-neighbor
RT 1,420 (697) 939 (22)
% acc 83.1% (12) 95.9% (6)
Low frequency – high N-size
RT 1,304 (595) 928 (231)
% acc 84.1% (17) 96.5% (5)
High frequency – NO-neighbor
RT 1,298 (576) 932 (262)
% acc 91.8% (9) 97.7% (4)
High frequency – high N-size
RT 1,273 (626) 901 (218)
% acc 93.4% (17) 98.7% (5)
Note. Standard deviations are in parentheses. N-size = neighborhood size; RT = reaction time;
acc = accuracy.
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10 MARINELLI ET AL.
In the analysis on log-transformed RTs, a significant effect of group emerged as main effect
(Estimate: .356, HPD: .279/.425; t = 5.68, pMCMC < .001; Red. Var.= 26.37%) and in interac-
tion with both word frequency (Estimate: –.067, HPD: –.098/–.035, t = –4.26, pMCMC < .001;
Red. Var. = 26.61%) and N-size (Estimate: –.056, HPD: –.088/–.025, t = −3.50, pMCMC <
.001; Red. Var. = 26.45%). Notably, the three-way interaction of group by word frequency by
N-size was significant (Estimate: .058, HPD: .031/.100, t = 2.60, pMCMC = .013; Red. Var.
= 26.86%). The Group × Word Frequency interaction (Estimate: –.250, HPD: –.436/–.059, t =
–2.62, pMCMC = .012; Red. Var. = 12.50%) as well as the three-way interaction (Estimate:
.308, HPD: .046/.573, t = 2.29, pMCMC = .024; Red. Var. = 21.84%) were significant also in
z-score transformed data. The Group × Word Frequency × N-Size significant interaction shows
that with low-frequency words in children with dyslexia RTs are shorter for high N-size words
compared with NO-neighbors words (diff. = 116 ms, Tukey’s Honestly Significant Difference
test: p = .038). With high-frequency words the difference was small (diff. = 25 ms). As for typi-
cally developing children, the difference in reading words with many or NO-neighbors was small
and not significant for either low- (diff.= 11 ms) or high-frequency words (diff.= 31 ms). Group
differences were about 400 ms in reading each type of stimuli, except for the low-frequency NO-
neighbors words on which the children with dyslexia were particularly impaired compared with
typically developing readers (diff. = 481 ms).
Linear mixed-effects models on RTs indicated that the covariates bigram frequency, and pres-
ence of a higher frequency neighbor accounted for very small amounts of variance (.001% and
.02%, respectively).
Accuracy
The analysis of accuracy showed only a main effect of group (Estimate: –1.673, z value: –4.91,
p < .001; Red. Var. = 30.8%) and a trend of frequency (Estimate: .663, z value: 1.66, p = .09),
indicating higher accuracy in typically developing children than in children with dyslexia (97.2%
vs. 88.1%, respectively) and for high- than low-frequency words (95.4% vs. 89.9%, respectively).
Other effects were far from significant. The role of the covariates (bigram frequency, as well as the
presence and frequency of a higher frequency neighbor) was very small also on the accuracy data.
DISCUSSION
The present study examined the effect of N-size on word reading aloud in Italian children with
and without dyslexia. We hypothesized that the faster the access to lexical representation, the
smaller the neighborhood size effect would be, and that reading competence as well as word
frequency might modulate the N-size effect. As expected, the results showed that N-size differen-
tially modulates the reading speed of Italian children with different reading skills depending on
word frequency: Children with dyslexia (but not typically developing children) benefitted from
lexical activation of neighbors, particularly in reading low-frequency words.
Children with dyslexia were severely impaired on low-frequency words with no neighbors
compared with skilled readers. A selective difficulty with low-frequency words confirms previous
evidence from studies examining the frequency, but not the N-size effect (Di Filippo & Zoccolotti,
2011; Paizi, De Luca, Burani, & Zoccolotti, 2011); as a consequence, a large frequency effect is
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 11
observed in these children (Barca et al., 2006). However, children with dyslexia were facilitated
in reading low-frequency words when these produced a large activation in the lexicon due the
high number of neighbors. This pattern held when z-transformed data were analyzed, indicating
that it cannot simply be explained as due to the fact that the condition yielding the largest group
difference (low-frequency words) was also the most difficult condition; that is, it was not due to
an over-additivity effect.
According to the Dual Route Cascaded model (Coltheart et al., 2001), both the sublexical and
the lexical procedures feed activation to the phonemic output buffer, and the more the phonolog-
ical outputs from the two routes overlap, the faster and more accurate the reading performance.
In the case of low-frequency words, the performance of children with dyslexia is particularly
defective presumably because they mainly rely on slower nonlexical processing. In this case, the
role of orthographic neighbors emerges in support of nonlexical processing as a consequence of
spreading activation in the orthographic level of representation, thus favoring the activation of
corresponding phonological representations. Therefore, these data indicate that lexical activation
is partially spared in children with dyslexia, at least in the case of dense neighborhoods.
By contrast, in typically developing readers we found no N-size effect irrespective of the target
word frequency. It seems that for these children the access to individual lexical representations is
fast enough to make the neighborhood size effect small and hard to detect. A previous study on
nonword reading in Italian typically developing readers (Marcolini, Burani, & Colombo, 2009)
found that the presence of a high-frequency word neighbor has an inhibitory effect on nonword
processing (both in lexical decision and reading aloud; for similar results, see also Peressotti,
Mulatti, & Job, 2010). Apparently, the fast activation of a lexical representation (leading to
the pronunciation of the high-frequency neighbor) conflicts with the assembly of the phoneme
sequence of the nonword, which takes place in the phonemic output buffer as the result of the
activation of the slow nonlexical route. In the case of the stimuli used in the present study, the
nonlexical route is reliable enough to contribute, along with the lexical route, to the correct pro-
nunciation of short high- or low-frequency words irrespective of the activation of neighbors in the
orthographic lexicon. Hence, the facilitating role that the activation of many orthographic neigh-
bors exerts in reading low-frequency words in English (e.g., Andrews, 1992) does not emerge in
a shallow orthography such as Italian.
In shallow orthographies the N-size effect is modulated by reading competence, diminishes
with age, and disappears in intermediate and expert readers (Perea & Estévez, 2008). Notably,
results on typically developing readers examined in this study are in line with findings of other
studies on regular orthographies, namely, Goswami et al.’s (2001, 2003) data on German readers.
By contrast, the present data are only partially consistent with Marinus and de Jong’s (2010)
results on Dutch children. These authors found that a larger N-size facilitated the reading of
nonwords but did not affect word reading among both dyslexic children and controls. Note that
in Marinus and de Jong’s study, high-frequency words were used. Our results on high-frequency
words are similar to those reported by Marinus and de Jong: N-size did not affect the reading
performance in either group of children. By contrast, a facilitatory effect of a dense N-size was
found in the case of low-frequency words in children with dyslexia but not in typically developing
readers. The results of the present study might be explained assuming that low-frequency words
have lexical representations in the orthographic lexicon of typically developing readers (and then
the performance with these words was not modulated by N-size), whereas low-frequency words
are processed as nonwords by children with dyslexia (thus showing a facilitatory effect of N-size).
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12 MARINELLI ET AL.
This interpretation is in keeping with the idea that children with dyslexia have a small number
of orthographic representations in their lexicon and show specific difficulty with low-frequency
words (see also Angelelli et al., 2010).
As for accuracy, children with dyslexia were more error prone than typically developing read-
ers in each type of stimulus examined, in both screening and experimental tasks. However, the
group factor did not interact with any of the variables considered in the present study. N-size
modulated the reading of children with dyslexia in terms of RTs but not accuracy. This pattern is
consistent with previous observations in Spanish (Davies et al., 2007) and Dutch (Marinus & de
Jong, 2010) children who, like the Italian ones, showed a very high rate of accuracy. As suggested
by Burani (2010), good accuracy may be obtained in shallow orthographies using small units of
analysis (Ziegler & Goswami, 2005), especially for short words, so that the aid from the lexical
route through neighborhood activation does not add any further advantage in accuracy over and
above the nonlexical route process.
Some authors (e.g., Peereman & Content, 1995) have suggested that the N-size effect is due to
the frequency of sublexical units (e.g., graphemes or bigrams) in the language. Within this frame-
work, words with many orthographic neighbors would be read faster because they contain more
common spelling-to-sound correspondences (Peereman & Content, 1995). Frauenfelder et al.
(1993) also reported a stronger correlation between bigram frequency and N-size than between
bigram frequency and word frequency. However, other evidence indicates that N-size and fre-
quency of sublexical correspondence may exert independent effects (for English: Weekes, 1997;
for Italian: Arduino & Burani, 2004). In the present study, N-size modulated reading performance
also when the effect of bigram frequency was covaried and the variance explained by bigram fre-
quency was negligible. Therefore, the N-size effect found in Italian children cannot be explained
simply on the basis of the frequency of sublexical units.
Caution is needed in generalizing these results. First, given the small number of monosyl-
labic words in Italian, the current study examined the effect of neighborhood size in two-syllable
words, whereas most studies on the effects of N-size in English have been done with one-syllable
words. This makes it difficult to directly compare the present results with those on English speak-
ing readers. Second, as almost all long Italian words have very few neighbors, we restricted the
investigation of neighborhood density to relatively short words (four to five letters). We do not
know whether the present pattern of results also applies to longer words. In Spanish children with
dyslexia, Davies et al. (2007) found that N-size interacts with length with a larger length effect for
words with few neighbors. Besides, the use of a set of short, and hence easier-to-read, words might
have reduced the performance differences as a function of the variables manipulated, especially
accuracy. This might be responsible for the absence of an N-size effect in reading low-frequency
words showed by typically developing readers examined in the present study, as well as in other
studies carried out in consistent orthographies (Goswami et al., 2001, 2003; Marinus & de Jong,
2010). A third limitation of this study concerns the fact that we examined an age-matched, but not
a reading-matched, control group. A facilitatory effect of a high N-size in reading low-frequency
words among younger children (who by definition have a small number of orthographic repre-
sentations) might confirm the results of the present study. Fourth, children with dyslexia were
screened in schools and did not receive a clinical diagnosis; further work is needed to extend
the present findings to a clinically defined sample. Finally, it is important to note that this study
examined the effect of N-size in a reading aloud task, but most reading is not carried out aloud
and so we do not know if a dense N-size may also advantage silent reading.
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 13
In conclusion, the present study shows that reading-aloud performance of children with
dyslexia of a regular orthography (Italian) is modulated by neighborhood density in interaction
with word frequency. Previous studies have reported that children with dyslexia predominantly
rely on sublexical reading (Marinelli, Angelelli, Notarnicola, & Luzzatti, 2009; Zoccolotti et al.,
1999) and show limited use of the lexical procedure (Angelelli et al., 2010). The present study
highlights that children with dyslexia in a transparent orthography also benefit from the spreading
of lexical activation from dense neighborhoods.
REFERENCES
Andrews, S. (1989). Frequency and neighborhood effects on lexical access: Activation or search? Journal of Experimental
Psychology: Learning, Memory, & Cognition, 15, 802–814.
Andrews, S. (1992). Frequency and neighborhood effects on lexical access: Lexical similarity or orthographic redun-
dancy? Journal of Experimental Psychology: Learning, Memory, & Cognition, 18, 234–254.
Angelelli, P., Marinelli, C. V., & Zoccolotti, P. (2010). Single or dual orthographic representations for reading and spelling:
A study on Italian dyslexic–dysgraphic and normal children. Cognitive Neuropsychology, 27, 305–333.
Arduino, L. S., & Burani, C. (2004). Neighborhood effects on nonword visual processing in a language with shallow
orthography. Journal of Psycholinguistic Research, 33, 75–95.
Baayen, R. H., Davidson, D. J., & Bates, D. M. (2008). Mixed-effects modeling with crossed random effects for subjects
and items. Journal of Memory and Language, 59, 390–412.
Baldi, P. L., & Traficante, D. (2005). EPOS–2. Elenco delle parole ortograficamente simili [EPOS–2. List of orthograph-
ically similar words]. Rome, Italy: Carocci Editore.
Barca, L., Burani, C., & Arduino, L. S. (2002). Word naming times and psycholinguistic norms for Italian nouns.
Behaviour Research Methods, Instruments, & Computers, 34, 424–434.
Barca, L., Burani, C., Di Filippo, G., & Zoccolotti, P. (2006). Italian developmental dyslexic and proficient readers: where
are the differences? Brain and Language, 98, 347–351.
Barca, L., Ellis, A. W., & Burani, C. (2007). Context-sensitive rules and word naming in Italian children. Reading and
Writing: An Interdisciplinary Journal, 2, 495–509.
Bergmann, J., & Wimmer, H. (2008). A dual-route perspective on poor reading in a regular orthography: Evidence from
phonological and orthographic lexical decisions. Cognitive Neuropsychology, 25, 653–676.
Burani, C. (2010). Word morphology enhances reading fluency in children with developmental dyslexia. Lingue e
linguaggio, 9, 177–198.
Coltheart, M., Davelaar, E., Jonasson, J. F., & Besner, D. (1977). Access to the internal lexicon. In S. Dornic (Ed.),
Attention and performance VI (pp. 535–555). Hillsdale, NJ: Erlbaum.
Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. (2001). DRC: A dual route cascaded model of visual word
recognition and reading aloud. Psychological Review, 108, 204–256.
Cornoldi, C., & Colpo, G. (1998). Prove di lettura MT. Guida all’uso [The MT Reading Test: User manual]. Florence,
Italy: Organizzazioni Speciali.
Davies, R., Cuetos, F., & Glez-Seijas, R. (2007). Reading development and dyslexia in a transparent orthography: A
survey of Spanish children. Annals of Dyslexia, 57, 179–198.
De Luca, M., Barca, L., Burani, C., & Zoccolotti, P. (2008). The effect of word length and other sublexical, lexical and
semantic variables on developmental reading deficits. Cognitive and Behavioral Neurology, 21, 227–235.
Di Filippo, G., & Zoccolotti, P. (2011). Separating global and specific factors in developmental dyslexia: A study with
the RAN paradigm. Child Neuropsychology. doi:10.1080/09297049.2011.613809
Faust, M. E., Balota, D. A., Spieler, D. H., & Ferraro, F. R. (1999). Individual differences in information-processing rate
and amount: Implications for group differences in response latency. Psychological Bulletin, 125, 777–799.
Forster, K. I., & Shen, D. (1996). No enemies in the neighborhood: Absence of inhibitory neighborhood effects in lexical
decision and semantic categorization. Journal of Experimental Psychology: Learning, Memory, & Cognition, 22,
696–713.
Frauenfelder, U. H., Baayen, R. H., Hellwig, F. M., & Schreuder, R. (1993). Neighborhood density and frequency across
languages and modalities. Journal of Memory and Language, 32, 781–804.
D
ow
nl
oa
de
d 
by
 [c
hia
ra 
va
ler
ia 
ma
rin
ell
i] 
at 
04
:36
 27
 D
ec
em
be
r 2
01
2 
14 MARINELLI ET AL.
Goswami, U., Ziegler, J. C., Dalton, L., & Schneider, W. (2001). Pseudohomophone effects and phonological recoding
procedures in reading development in English and German. Journal of Memory and Language, 45, 648–664.
Goswami, U., Ziegler, J. C., Dalton, L., & Schneider, W. (2003). Nonword reading across orthographies: how flexible is
the choice of reading units? Applied Psycholinguistics, 24, 235–247.
Keene, O. N. (1995). The log transformation is special. Statistics in Medicine, 14, 811–819.
Kessler, B., Treiman, R., & Mullennix, J. (2002). Phonetic biases in voice key response time measurements. Journal of
Memory and Language, 47, 145–171.
Laxon, V., Coltheart, V., & Keating, C. (1988). Children find friendly words friendly too: Words with many orthographic
neighbors are easier to read and spell. British Journal of Educational Psychology, 58, 103–119.
Laxon, V., Gallagher, A., & Masterson, J. (2002). The effects of familiarity, orthographic neighborhood density, letter-
length and graphemic complexity on children’s reading accuracy. British Journal of Psychology, 93, 269–287.
Laxon, V., Masterson, J., & Moran, R. (1994). Are children’s representations distributed? Effects of orthographic
neighborhood size, consistency and regularity of naming. Language and Cognitive Processes, 9, 1–27.
Marcolini, S., Burani, C., & Colombo, L. (2009). Lexical effects on children’s pseudoword reading in a transparent
orthography. Reading and Writing: An Interdisciplinary Journal, 22, 531–544.
Marconi, L., Ott, M., Pesenti, E., Ratti, D., & Tavella, M. (1993). Lessico elementare: Dati statistici sull’italiano scritto
e letto dai bambini delle elementari [Elementary lexicon: Statistical data for Italian written and spoken by elementary
school children]. Bologna, Italy: Zanichelli.
Marinelli, C. V., Angelelli, P., Notarnicola, A., & Luzzatti, C. (2009). Do Italian children with dyslexia use the lexical
reading route efficiently? An orthographic judgment task. Reading and Writing: An Interdisciplinary Journal, 22,
333–351.
Marinus, E., & de Jong, P. F. (2010). Size does not matter, frequency does: Sensitivity to orthographic neighbors in normal
and dyslexic readers. Journal of Experimental Child Psychology, 106, 129–144.
Mulatti, C., Reynolds, M. G., & Besner, D. (2006). Neighborhood effects in reading aloud: New findings and new chal-
lenges for computational models. Journal of Experimental Psychology: Human Perception and Performance, 32,
799–810.
Paizi, D., De Luca, M., Burani, C., & Zoccolotti, P. (2011). Italian developmental dyslexic readers: Does list context make
a difference? Child Neuropsychology, 17, 459–482.
Peereman, R., & Content, A. (1995). Neighborhood size effect in naming: Lexical activation or sublexical correspon-
dences? Journal of Experimental Psychology: Learning, Memory, & Cognition, 21, 409–421.
Perea, M., & Carreiras, M. (1998). Effects of syllable frequency and syllable neighborhood frequency in visual word
recognition. Journal of Experimental Psychology: Human Perception and Performance, 24, 134–144.
Perea, M., & Estévez, A. (2008). Transposed-letter similarity effects in naming pseudowords: Evidence with children and
adults. European Journal of Cognitive Psychology, 2, 33–46.
Peressotti, F., Mulatti, C., & Job, R. (2010). The development of lexical representations: Evidence from the position of
the diverging letter effect. Journal of Experimental Child Psychology, 106, 177–183.
Pruneti, C. A., Fenu, A., Freschi, G., Rota, S., Cocci, D., Marchionni, M., . . . Baracchini Murratorio, G. (1996).
Aggiornamento alla standardizzazione italiana del test delle Matrici Progressive Colorate di Raven (CPM) [Update
of the Italian standardization of Raven’s Coloured Progressive Matrices]. Bollettino di Psicologia Applicata, 217,
51–57.
Sears, C. R., Hino, Y., & Lupker, S. J. (1995). Neighborhood size and neighborhood frequency effects in word recognition.
Journal of Experimental Psychology: Human Perception and Performance, 32, 876–900.
Sheskin, D. J. (1997). Handbook of parametric and nonparametric statistical procedures. Boston, MA: CRC Press.
Spinelli, D., De Luca, M., Di Filippo, G., Mancini, M., Martelli, M., & Zoccolotti, P. (2005). Length effect in word
naming in reading: Role of reading experience and reading deficit in Italian readers. Developmental Neuropsychology,
27, 217–235.
Stella, V., & Job, R. (2001). Le sillabe PD/DPSS. Una base di dati sulla frequenza sillabica dell’ italiano scritto [PD/DPSS
syllables. A database on syllabic frequency of written Italian language]. Giornale Italiano di Psicologia, 28,
633–642.
Sulpizio, S., & Job, R. (2010). L’intervento delle sillabe nei processi di produzione e riconoscimento visivo delle parole
[Effect of syllable frequency in speech production and visual word recognition: evidence from Italian]. Giornale
Italiano di Psicologia, 37, 707–715.
D
ow
nl
oa
de
d 
by
 [c
hia
ra 
va
ler
ia 
ma
rin
ell
i] 
at 
04
:36
 27
 D
ec
em
be
r 2
01
2 
N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 15
Thornton, A. M., Iacobini, C., & Burani, C. (1997). BDVDB. Una base di dati per il vocabolario di base della lingua
italiana [A database for the basic vocabulary of the Italian language] (2nd ed.). Rome, Italy: Bulzoni.
Tressoldi, P. E. (1996). L’evoluzione della lettura e della scrittura dalla 2a elementare alla 3a media [Reading and spelling
acquisition from 2nd grade to 8th grade]. Età Evolutiva, 37, 43–55.
Weekes, B. S. (1997). Differential effects of number of letters on word and nonword naming latency. Quarterly Journal
of Experimental Psychology: Human Experimental Psychology, 50, 439–456.
Wolfinger, R. (1993). Laplace’s approximation for nonlinear mixed models. Biometrika, 80, 791–795.
Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, developmental dyslexia, and skilled reading across languages:
A psycholinguistic grain size theory. Psychological Bulletin, 131, 3–29.
Ziegler, J. C., Perry, C., Jacobs, A. M., & Braun, M. (2001). Identical words are read differently in different languages.
Psychological Science, 12, 379–384.
Ziegler, J. C., Perry, C., Ma-Wyatt, A., Ladner, A., & Schulte-Körne, G. (2003). Developmental dyslexia in different
languages: Language-specific or universal? Journal of Experimental Child Psychology, 86, 169–193.
Zoccolotti, P., De Luca, M., Di Filippo, G., Judica, A., & Martelli, M. (2009). Reading development in an orthographically
regular language: Effects of length, frequency, lexicality and global processing ability. Reading and Writing: An
Interdisciplinary Journal, 22, 1053–1079.
Zoccolotti, P., De Luca, M., Di Filippo, G., Judica, A., & Spinelli, D. (2005). Prova di lettura di parole e
non parole [Word and Nonword Reading Test]. Rome, Italy: IRCCS Fondazione Santa Lucia. Retrieved from
http://www.hsantalucia.it/modules.php?name=Content&pa=showpage&pid=1032
Zoccolotti, P., De Luca, M., Di Pace, E., Judica, A., Orlandi, M., & Spinelli, D. (1999). Markers of developmental
surface dyslexia in a language (Italian) with high grapheme–phoneme correspondence. Applied Psycholinguistics, 20,
191–216.
D
ow
nl
oa
de
d 
by
 [c
hia
ra 
va
ler
ia 
ma
rin
ell
i] 
at 
04
:36
 27
 D
ec
em
be
r 2
01
2 
16 MARINELLI ET AL.
APPENDIX
TABLE A1
Psycholinguistic Characteristics of the Words Used in the Experiment
Trial
Name Subset N-Size
Word
Frequency Imageab. AoA Familiarity
Bigram
Frequency
Contextual
Rules
Geminate
Consonants
Consonant
Clusters
Arma HF H 6 79 6.15 3.33 6.80 9.73 0 0 1
Barca HF H 5 124 6.83 1.90 7.00 9.62 1 0 0
Gatto HF H 7 976 6.60 1.55 6.98 10.38 1 1 0
Conto HF H 9 142 4.83 3.78 6.87 9.22 1 0 1
Corpo HF H 5 259 6.35 2.68 6.93 10.00 1 0 1
Dito HF H 5 129 6.60 1.51 6.87 9.64 0 0 0
Fata HF H 6 120 5.55 2.03 6.78 9.71 0 0 0
Festa HF H 5 362 5.80 2.25 7.00 9.51 0 0 1
Legno HF H 5 173 6.23 2.43 6.98 9.34 1 0 1
Letto HF H 10 622 6.75 1.75 7.00 9.73 0 1 0
Mano HF H 5 764 6.79 1.40 6.96 10.64 0 0 0
Orso HF H 7 164 6.58 2.08 6.96 9.23 0 0 1
Pasta HF H 5 103 6.68 1.83 7.00 9.75 0 0 1
Tipo HF H 5 275 3.58 3.50 6.89 8.68 0 0 0
Torta HF H 5 163 6.75 1.83 7.00 9.99 0 0 1
Vento HF H 6 413 5.26 2.53 6.89 10.29 0 0 1
Babbo HF NO 0 325 6.31 1.45 6.83 7.58 0 1 0
Bacio HF NO 0 101 6.50 1.58 6.91 9.43 1 0 0
Carro HF NO 0 132 6.18 2.78 6.80 9.94 1 1 0
Cuore HF NO 0 310 6.28 1.90 7.00 10.05 1 0 0
Droga HF NO 0 164 6.08 4.65 6.93 8.54 1 0 1
Fiore HF NO 0 834 6.70 1.63 7.00 10.48 0 0 0
Fiume HF NO 0 300 6.38 2.43 7.00 8.47 0 0 0
Legge HF NO 0 85 4.00 3.85 6.83 8.47 2 1 0
Lepre HF NO 0 72 6.00 2.73 6.87 9.46 0 0 1
Mese HF NO 0 343 4.18 2.43 6.93 10.50 0 0 0
Ombra HF NO 0 90 5.75 2.85 6.89 8.85 0 0 1
Onda HF NO 0 88 6.21 2.85 6.83 10.19 0 0 1
Piede HF NO 0 464 6.73 1.48 6.93 9.42 0 0 0
Tempo HF NO 0 1267 3.54 2.73 6.93 9.42 0 0 1
Tigre HF NO 0 95 6.35 2.20 6.93 9.49 2 0 1
Volpe HF NO 0 135 6.53 2.38 6.87 8.84 0 0 1
Arto LF H 6 0 5.75 3.83 6.65 10.29 0 0 1
Bara LF H 7 16 6.23 3.48 6.91 10.00 0 0 0
Botto LF H 5 9 4.58 3.20 6.30 9.17 0 1 0
Conte LF H 6 25 5.00 3.80 6.65 10.25 1 0 1
Corno LF H 6 16 6.05 3.78 6.65 10.17 1 0 1
Data LF H 5 20 4.26 2.98 6.91 9.81 0 0 0
Falco LF H 6 14 5.98 3.48 6.85 9.62 1 0 1
Fosso LF H 6 16 6.03 3.38 6.65 9.36 0 1 0
Lacca LF H 6 11 5.33 3.53 6.72 9.30 2 1 0
Lama LF H 5 11 6.08 3.30 6.57 9.68 0 0 0
Molla LF H 5 6 5.60 3.00 6.83 9.62 0 1 0
Orlo LF H 6 0 5.15 4.35 6.52 9.45 0 0 1
(Continued)
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N-SIZE EFFECTS ON THE READING OF CHILDREN WITH DYSLEXIA 17
TABLE A1
(Continued)
Trial
Name Subset N-Size
Word
Frequency Imageab. AoA Familiarity
Bigram
Frequency
Contextual
Rules
Geminate
Consonants
Consonant
Clusters
Panca LF H 5 14 6.00 3.18 6.80 9.79 1 0 1
Tasto LF H 8 9 5.83 3.35 6.85 9.98 0 0 1
Tatto LF H 9 0 4.28 3.95 6.76 9.97 0 1 0
Vena LF H 5 14 5.58 4.00 6.72 10.01 0 0 0
Anca LF NO 0 0 5.15 4.50 6.52 9.84 1 0 1
Brace LF NO 0 0 5.62 4.10 6.50 8.97 1 0 1
Burro LF NO 0 24 6.08 2.70 6.87 8.51 0 1 0
Crisi LF NO 0 15 4.05 4.41 6.89 8.90 1 0 1
Culto LF NO 0 0 4.13 4.73 6.26 9.22 1 0 1
Duomo LF NO 0 17 6.03 4.68 6.83 9.00 0 0 0
Felpa LF NO 0 11 6.45 2.80 6.96 8.45 0 0 1
Frigo LF NO 0 9 6.51 2.73 6.87 8.38 1 0 1
Larva LF NO 0 0 5.10 4.60 6.43 8.64 0 0 1
Lode LF NO 0 7 4.03 4.25 6.78 9.54 0 0 0
Muffa LF NO 0 0 5.40 3.73 6.78 7.22 0 1 0
Oppio LF NO 0 0 4.63 5.88 6.24 9.03 0 1 0
Prete LF NO 0 25 5.95 2.55 6.85 10.17 0 0 1
Targa LF NO 0 25 6.20 3.65 6.87 9.00 1 0 1
Trama LF NO 0 19 3.90 4.43 6.48 9.92 0 0 1
Vespa LF NO 0 21 6.25 2.90 6.83 9.92 0 0 1
Note. The column label “Contextual Rules” indicates the number of letters that can be correctly pronounced only
on the basis of the following letters (for more details, see Barca et al., 2007), whereas the column labels “Consonant
Clusters” and “Geminate Consonants” indicate the number of consonant clusters and geminate consonants in each word,
respectively. N-size = neighborhood size; Imageab. = imageability; AoA = age of acquisition; HF = high-frequency
words; H = high N-size words; NO = NO-neighbor words; LF = low-frequency words.
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